###### Strengths and limitations of this study

-   The current individual participant data (IPD) meta-analysis of the active worker study consortium will explore the differential effects of occupational and leisure-time physical activity on cardiovascular and all-cause mortality.

-   Apart from our already completed search for eligible studies and thorough analysis and data management plan, the strength of our IPD meta-analysis lies in the ability to detect possible relevant interaction and mediation effects.

-   This will allow us to study the role of occupational and leisure-time physical activity in socioeconomic health differences, while also exploring relevant subgroups (eg, with pre-existing conditions).

-   A potential limitation of our study is the possibility of not being able to obtain data from all studies that have been identified.

-   Another potential limitation is the heterogeneity in study data, possibly limiting the ability to harmonise data.

Background {#s1}
==========

People with a lower socioeconomic status have an increased risk of premature cardiovascular and all-cause mortality, compared with those with a higher socioeconomic status.[@R1] To maintain a sustainable workforce, a better understanding of socioeconomic health differences, in particular among the working population, is required. Socioeconomic health differences have often been described, and have been found to be associated with a range of demographic (eg, age, ethnicity and marital status), behavioural (eg, physical activity, smoking, alcohol use and diet), psychosocial (eg, stress, social support and psychosocial work demands) and material factors (eg, healthcare utilisation and neighbourhood conditions).[@R3] However, socioeconomic health differences remain poorly understood, as they cannot be fully attributed to these factors. A recent systematic review showed that psychosocial factors explain 4%--49%, behavioural factors 7%--45%, while material factors explain 11%--76% of health differences.[@R7]

To date, physical activity is considered an important and significant behaviour for the prevention of premature death from many lifestyle-related diseases.[@R8] The health implications of engagement in different domains of physical activity (according to common PA research: leisure time, work, household and transport[@R9]) are considered to be positive and alike. Workers, who are physically active at work, most of them with low socioeconomic status, could therefore be expected to be healthier and live longer. Surprisingly, however, recent evidence suggests that workers who are highly physically active at work are less healthy and die earlier than those who are less physically active at work.[@R10] This evidence shows a consistently reduced risk of lifestyle-related diseases associated with high doses of leisure-time physical activity, but an increased risk of cardiovascular diseases[@R12] and mortality[@R16] with high doses of occupational physical activity (even when adjusted for current health status, other lifestyle factors and socioeconomic status), suggesting a physical activity paradox.[@R19] We have recently found evidence for this paradox in a systematic review, showing an increased risk of premature mortality among men who are highly physically active at work, compared with those who engage in low doses of occupational physical activity (HR; with 95% CI 1.18 (1.05 to 1.34)).[@R20]

Moreover, workers from lower socioeconomic status are often physically inactive during their leisure time,[@R21] as these workers spend most of their daily physical activity time at work.[@R22] The above suggests that workers with a lower socioeconomic status may be exposed to the negative health consequences of occupational physical activity and may only benefit to a limited extent from the positive health consequences of leisure-time physical activity. As such, the differential effects of physical activity at work and leisure time may be an important driver of socioeconomic health differences.[@R23]

To improve the health of workers with a lower socioeconomic status and to maintain a sustainable workforce, more knowledge on the opposing health effects of occupational and leisure-time physical activity is urgently required. Presently, a knowledge gap exists as to what type of interventions may work for whom and when. It is therefore important to identify workers who may benefit the most from physical activity interventions, to indicate what elements such interventions should consist of, and to identify barriers and facilitators of certain interventions. Such knowledge can inform physical activity-based interventions and public health guidelines, thus contributing to a reduction of socioeconomic health differences. An individual participant data (IPD) meta-analysis is essential to fill the knowledge gap indicated above. In contrast to a study-level meta-analysis, an IPD meta-analysis also allows for testing of interaction, mediation or moderation.[@R24] This allows for the possibility of identifying relevant subgroups and the ability to test mechanistic pathways.[@R25] Moreover, an IPD meta-analysis has the benefit of a larger number of data points, facilitating more statistically powerful and sound conclusions based on careful evaluation of modelling assumptions. An IPD meta-analysis also allows us to account for missing data at the individual participant level and to standardise analytical techniques, inclusion criteria and outcome definitions across studies.

In this manuscript, we describe the rationale and protocol of the active worker study, an IPD meta-analysis carried out by the active worker consortium. The primary aim of this study is to explore socioeconomic health differences related to physical activity at work and during leisure time. To do so, we will:Assess the combined effect of occupational and leisure-time physical activity on cardiovascular and all-cause mortality.Identify subgroups (eg, with pre-existing hypertension or obesity) that are particularly vulnerable for this effect.Identify subgroups (eg, with high levels of cardiorespiratory fitness) that have a differential association between occupational and leisure-time physical activity and cardiovascular and all-cause mortality.Assess the independent contribution of occupational and leisure-time physical activity to socioeconomic health differences.

[Figure 1](#F1){ref-type="fig"} presents a comprehensive conceptual model for the hypothesised pathway of the association of socioeconomic status with health outcomes in which also relevant other factors (including demographic, behavioural, psychosocial and material factors) and pre-existing conditions are considered. Socioeconomic status is hypothesised to be associated with physical activity, with more occupational physical activity and less leisure-time physical activity among those with a low socioeconomic status and vice versa. Physical activity (which is inter-related with a range of relevant other factors, including demographic, behavioural, psychosocial and material factors and pre-existing conditions) is subsequently associated with health outcomes, such as cardiovascular and all-cause mortality. As such, it is hypothesised that physical activity (at work and during leisure time) plays an important mediating/moderating role in socioeconomic health differences.

![Conceptual model for the pathway of the combined role of occupational and leisure-time physical activity in socioeconomic health differences. Socioeconomic status is hypothesised to be associated with physical activity, with more leisure-time physical activity and less occupational physical activity among those with a high socioeconomic status and vice versa. Physical activity (which is inter-related with a range of relevant other factors, including demographic, behavioural, psychosocial and material factors as well as pre-existing conditions) is subsequently associated with health outcomes, hence resulting in socioeconomic health differences. To address aim 1, we will assess the combined association of occupational and leisure-time physical activity with the primary outcome (pathway a). For aims 2 and 3, we will additionally consider potential modifying effects. To address research aim 4, we will study the mediating effects of occupational and leisure-time physical activity on the association of socioeconomic status and the primary outcome. To do so, we will provide an estimate of the relative strength of the mediation effect (axb) and we will be comparing this to the total direct effect (c'), using the product-of-coefficients test. In all these models, potential confounders will be considered. BMI, body mass index.](bmjopen-2018-023379f01){#F1}

Methods/design {#s2}
==============

The current manuscript is prepared in accordance with thePreferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISM) statement.[@R27] The described IPD meta-analysis has been a priori registered in PROSPERO.[@R28] Conducting and reporting of the proposed IPD meta-analysis will be done in accordance with methods described by the Cochrane IPD Meta-analysis Methods Group[@R25] and the PRISMA-IPD statement.[@R29] Methodologies for this IPD meta-analysis were based on previous work.[@R30]

The consortium, data sources and study selection {#s2a}
------------------------------------------------

Several strategies have been used to identify published and unpublished eligible studies, including literature searches in electronic databases and scoping searches through personal communication with experts in the field, collaborators and colleagues. The literature was searched systematically in the bibliographic databases of PubMed, Embase, CINAHL, PsycINFO and Evidence-Based Medicine Reviews from database inception to 14 September 2017. Search terms included terms expressing physical activity and mortality (see online supplementary material 1 for more details). We searched for original prospective studies, in which the association of both occupational and leisure-time physical activity on cardiovascular or all-cause mortality in adult workers (ie, 18--65 years of age at the time of physical activity assessment) was assessed, taking workers' socioeconomic status (ie, expressed as education, occupational class and/or income) into account. Studies assessing physical activity at the level of the individual were included. Studies were excluded that had assessed occupational physical activity based on task and/or job classification (eg, a binary distinction of blue-collar vs white-collar workers or manual vs non-manual work). Only studies in which cardiovascular or all-cause mortality was expressed as a time-to-event variable (ie, occurrence of the event---yes/no, and the time to the possible event) were included to allow for the execution of survival analysis.

The literature search generated 2490 unique references that were screened on their title and/or abstract. A total of 174 full-text articles were retrieved of which 76 were excluded for various reasons (online supplementary material 2). After adding 35 articles from other sources, 49 unique studies (from 106 articles) were identified meeting our inclusion criteria for being eligible to participate in the active worker consortium ([figure 2](#F2){ref-type="fig"}; online supplementary material 3). From these eligible studies, corresponding authors, principal investigators and/or researchers from the network of the consortium members will be invited to collaborate in our active worker study consortium. Invitations will be sent by email. After no response, a reminder email will be sent and/or a telephone call will be made to achieve participation. Participation in the consortium includes sharing of data and ideas, and manuscript preparation. Reasons for refusal to participate will be noted.

![Flow chart depicting the study selection procedure. CVD, cardiovascular disease; LTPA, leisure-time physical activity; OPA, occupational physical activity.](bmjopen-2018-023379f02){#F2}

After agreeing to collaborate, potential collaborators will be asked to fill out our data request form in order for us to obtain more information on the respective cohorts (eg, regarding contact details of principal investigators, study design and available data). Also, researchers will be asked to sign a policy document after which they will be asked to transfer their (anonymised and encrypted) data.

Data acquisition and harmonisation {#s2b}
----------------------------------

Data on occupational and leisure-time physical activity (predictor variables; typically not including the domains of transport and household), all-cause mortality (primary outcomes) or cardiovascular diseases or mortality (secondary outcomes), socioeconomic status and relevant other factors (including demographic, behavioural, psychosocial and material factors and pre-existing conditions) will be retrieved from each of the participating studies (as described in more detail in [table 1](#T1){ref-type="table"} and [figure 1](#F1){ref-type="fig"}). Study data with at least the predictor variables, primary outcome variables and socioeconomic status will be used for further analysis. For each of the variables, the most detailed level of data (ie, continuous variables rather than categorical ones) will be requested.

###### 

Overview of variables that will be requested from eligible studies

  Variable group            Variables                                                                                                                                                                                                                                                                                          Relevant details
  ------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------
  Predicting variables      Occupational physical activityLeisure-time physical activity                                                                                                                                                                                                                                       Self-reports. If possible, frequency, duration and intensity of physical activity will be considered.
  Socioeconomic status      Education levelOccupational classIncome                                                                                                                                                                                                                                                            
  Primary outcomes          All-cause mortality                                                                                                                                                                                                                                                                                Time to occurrence, ascertained by national or local registers.
  Secondary outcomes        Cardiovascular mortality Cardiovascular diseases in generalSpecific cardiovascular diseases (eg, ischaemic heart disease, myocardial infarction or stroke)                                                                                                                                         Time to occurrence, ascertained by national or local registers or self-reports.
  Pre-existing conditions   Adiposity (eg, body mass index, waist circumference or fat percentage)Blood pressure and/or hypertensionBlood lipids, cholesterol and/or glucoseCardiorespiratory fitnessSelf-reported healthOther non-communicable diseases (eg, diabetes, cancer, pulmonary diseases, mental health condition)   
  Other relevant factors                                                                                                                                                                                                                                                                                                       
   Demographic factors      GenderAgeEthnicityMarital status                                                                                                                                                                                                                                                                   
   Behavioural factors      SmokingAlcohol useDiet (eg, consumption of fruit and vegetables, sweets, snacks and sugary drinks)SleepCoffee useOther (eg, transport and/or household) domains of physical activity                                                                                                               
   Psychosocial factors     StressSocial supportPsychosocial work demands (eg, decision authority, effort--reward imbalance, job strain)                                                                                                                                                                                       
   Material factors         Healthcare utilisationMedication useNeighbourhood conditions                                                                                                                                                                                                                                       

Collaborators will be asked to supply raw data that can be transferred in any electronic format (eg, SPSS, SAS, Stata or Excel) in an anonymised file (ie, only labelling participants by a unique identification number). Data of all studies will be harmonised by labelling and recoding variables and items. Of continuous variables, Z-scores will be calculated to be able to harmonise constructs measured by different questionnaires/items. The most detailed level of data possible will be used for data harmonisation (eg, continuous variables rather than categorical ones). However, if needed categorical variables from different studies will be harmonised, classifying them into predetermined categories.

For physical activity variables (both occupational and leisure time), we intent to express all data into MET-hours/week, using established scoring systems, such as for the International physical activity questionnaire (IPAQ)[@R32] and for the US Census Occupational Classification System,[@R33] and the Compendium of Physical Activities.[@R34] If available, such continuous data can be harmonised across studies and modelled as such, according to the below-mentioned analysis plan. In an additional sensitivity analysis, also considering studies without continuous MET-based data, physical activity data will be categorised into the four categories from the physical activity continuum (ie, sedentary behaviour, low, moderate and high), using established cut-off values.[@R35] The latter will be done during a consensus meeting with the active worker study core group.

Once the original data file has been received and harmonised, data will be transferred to a single file by the help of the VU University Medical Center data management department. All data will be checked for consistency, which includes identifying potential outliers and missing data, after which queries will be discussed and resolved directly with the responsible collaborator.

Risk of bias assessment {#s2c}
-----------------------

Risk of bias assessment of each of the studies will be performed by two reviewers independently, using a published Cochrane scoring system,[@R36] with six criteria related to study participation, attrition, predictor variable measurements and outcomes (online supplementary material 4). Summary scores will be calculated and expressed on a 0%--100% scale; summary scores \>75% considered to be of high methodological quality, hence, low risk of bias. In a separate analysis, we will assess the possible role of risk of bias on our findings.

Data analysis {#s2d}
-------------

Included studies will be described according to their data and risk of bias. Meta-analyses will be performed using multilevel (with the different studies being the different levels) survival regression analysis with SPSS (V.22). Review Manager (RevMan, the Cochrane Collaboration) will be used for pooling of individual study data and for plotting of the data. In forest plots, HRs will be reported with 95% CI depicting each individual study, as well as pooled associations of occupational and leisure-time physical activity with the primary outcome. In all analyses, men and women will be considered separately anyway. Heterogeneity among studies will be assessed using I^2^ statistics and visual inspection of the forest plots will be performed, while subgroup analyses will be conducted using χ^2^ statistics (testing for the effect of risk of bias, way of assessment of physical activity and heterogeneity of the study sample). A sensitivity analysis will be performed to assess the effect of individual study findings on the pooled results. Funnel plots will be generated to assess publication bias (through visual inspection).

A model outlining the analyses is shown in [figure 1](#F1){ref-type="fig"}. To address aims 1--3, multivariate survival regression will be conducted, testing for the combined association of occupational and leisure-time physical activity with the primary outcome (pathway a in [figure 1](#F1){ref-type="fig"}). For aim 1, we will test the combined association of occupational and leisure-time physical activity. For aims 2 and 3, additional interaction terms will be included, providing information regarding potential effect modifying effects. This interaction term will gain insight into whether or not the effect of occupational and leisure-time physical activity on the outcome differs across different modifier categories. Here, potential effect modifying factors such as chronic lifestyle-related diseases, hypertension or body mass index addressing aim 2 and factors such as cardiorespiratory fitness addressing aim 3 will be considered. In case interaction terms are associated with the outcomes in a statistically significant manner (p\<0.05), models will be stratified by that particular effect modifier.

To address research aim 4, the mediating effect of occupational and leisure-time physical activity on the association of socioeconomic status and the primary outcome, the product-of-coefficients test will be conducted, as described by MacKinnon.[@R37] First, the association of socioeconomic status and the outcome (path c') will be estimated. Second, the association of socioeconomic status with the mediator (path b) will be estimated. Finally, the association between the mediator and outcome (path a) will be estimated. The product of coefficients a×b will provide an estimate of the relative strength of the mediation effect, while the proportion of mediation will be estimated by dividing the mediation effect (a×b) by the total direct effect (c=c'+a× b).

In all above-mentioned models (for aims 1--4), relevant confounders (eg, demographic, behavioural, psychosocial and material factors as shown in [table 1](#T1){ref-type="table"} and [figure 1](#F1){ref-type="fig"}) will be considered using a selection procedure in which all potential confounders will be univariately tested, after which a backward selection procedure will be conducted among variables with a statistically significant (p\<0.10) univariate association with the primary outcome measure. Potential confounding variables with a multivariate statistically significant (p\<0.05) association with the primary outcome, will be retained in the final models.

Assessment of meta-bias {#s2e}
-----------------------

In the proposed research, various potential sources of bias will be considered. Reverse causality (ie, differences in health outcomes causing changes in physical activity, rather than the other way around) and the healthy worker effect (ie, relatively healthy workers being able to remain working in the most physically demanding jobs) will be assessed by performing a sensitivity analysis, excluding participants who have died within the first 5 years of the follow-up period. Bias due to differential misclassification (ie, physical activity measurement errors differing across groups) will be dealt with by conducting subgroup analyses on various factors (eg, subgroups with pre-existing cardiovascular conditions). Reporting bias of our work will be addressed by publishing the current protocol before merging and analysing the data. Moreover, reporting bias of original studies will be addressed by also including unpublished studies in our meta-analysis.

Project and data management {#s2f}
---------------------------

The active worker consortium core group (PC, MAH, WVM and AJvdB) at the Department of Public and Occupational Health, Amsterdam Public Health research institute, VU University Medical Centre will bear responsibility for the project coordination and scientific quality of the project. The core research group will be supplemented by an advisory group of international collaborators (AH, RT, PJM, SK and EC) within the active worker consortium, who will provide their knowledge, as well as their research data.

The core group, in close collaboration with the advisory group, will address the aforementioned research aims. Collaborating investigators are welcome to propose additional research projects. The advisory group, as well as any other collaborators providing data, will be asked to coauthor any future publication emerging from the consortium (with a maximum of two coauthors per participating study---with exceptions on reasonable request). However, to do so all coauthors will need to comply with the Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical Journals (also known as the Vancouver Protocol for coauthorship).[@R38] Collaborators are free to decline participation on a study-by-study basis, and have the right to withdraw their data from future analyses.

Data will be managed in accordance to The Netherlands Organisation for Health Research and Development (ZonMw) guidelines (<https://www.zonmw.nl/en/research-and-results/access-to-data>), which includes the development of a data management plan stipulating the way in which the data will be safely store and made findable, accessible, interoperable and reusable.

The data inclusion procedure has started in May 2018 and we intend to continue doing so until the end of September 2018. As of 20 July 2018, researchers of a total of nine studies have already agreed to be part of the consortium, with two of them having transferred their data already. Of the other studies, application procedures for obtaining the data have started or studies were excluded from our consortium. Reasons for exclusion were the inability to get in contact with researchers (in some cases researchers have retired or have passed away) or the researchers not willing or being able to participate. Merging of the datasets and analysis syntaxes will be prepared in the period July to September 2018, to ensure that analyses can start when all data are collected in September 2018. Reporting on the data (in accordance to below-mentioned dissemination plan) is expected to be done by Mid-2019.

Ethics and dissemination {#s2g}
------------------------

Outcomes of the active worker study will be published in at least two articles in scientific peer-reviewed journals (one on research aim 1 and one on research aims 2--4). If time permits, above-mentioned research aims will additionally be addressed using the secondary outcome measures.

Patient and public involvement {#s2h}
------------------------------

We currently describe a study protocol of a meta-analysis, hence no patient data have or will be collected. At this stage, there has not been any patient or public involvement.

Discussion {#s3}
==========

This manuscript describes the rationale and design of the active worker consortium, an IPD meta-analysis. The primary aim of the active worker consortium is to explore the contribution of occupational and leisure-time physical activity to socioeconomic health differences, with the ultimate goal to improve the health of workers in lower socioeconomic status jobs.

Results from the proposed research will provide information on the potentially opposing health effects of occupational and leisure-time physical activity and the role they play in socioeconomic differences related to cardiovascular and all-cause mortality. Such information may help to clarify what lifestyle interventions may work for whom and when. This knowledge can guide interventions to improve the health of workers in certain lower socioeconomic status jobs.

As outlined in its recently drafted 'global action plan',[@R39] WHO emphasises the importance of physical activity for a healthy world population. It has been estimated that physical inactivity is the fourth leading causes of lifestyle-related mortality as it is responsible for \>5 million deaths globally each year.[@R8] Moreover, physical inactivity has been estimated to account for \~7% of the global health burden[@R40] and is accompanied by considerable economic costs for our society.[@R41] As such, physical activity is widely considered to be important for the prevention of several lifestyle-related diseases.[@R8] The ultimate goal of our research is to address physical activity of workers in lower socioeconomic status jobs who are highly active at work, but not during their leisure time. It is likely that these workers may face the negative health effects of high dose of occupational physical activity and may only benefit to a limited extent from the positive health effects of leisure-time physical activity, simply because they are relatively physically inactive during leisure time.

A putative causal model for the physical activity paradox explaining this phenomenon is depicted in [figure 3](#F3){ref-type="fig"}. This figure, which is modified from earlier work[@R19] and is theorised from existing evidence, shows the differential health consequences of occupational physical activity (being more common among those from lower socioeconomic status groups) and leisure-time physical activity (being more common among those from higher socioeconomic status groups). In this model it is hypothesised[@R19] that high doses of occupational physical activity are often reached by occupational tasks, such as prolonged static postures and repetitive work (including manual handling and lifting), that are performed over long periods of time (eg, 40 hours/week, during a lifelong work employment), with insufficient time for recovery. On the contrary, leisure-time physical activity typically takes place at high(er) intensity, often consisting of aerobic type of activities, that are only performed for a short time period, thereby allowing for recovery. Because of these natural differences, occupational and leisure-time physical activity likely differ in acute and chronic physiological responses. For example, high doses of occupational physical activity may not reach intensity levels required to achieve cardiorespiratory fitness improvements,[@R42] but may cause chronic exhaustion and elevated resting blood pressure[@R43] and elevated resting heart rate[@R44] that may ultimately result in cardiovascular diseases and mortality.[@R45] On the other hand, leisure-time physical activity may be cardiorespiratory fitness enhancing,[@R47] and reduce resting blood pressure and heart rate, thereby reducing the risk of cardiovascular disease and mortality. Also, different mental and social health implications of work and leisure-time physical activities may play a role in this. For example, leisure-time physical activity is often associated with positive outcomes of mental health (such as mood states like anxiety, stress and depression)[@R48] and social functioning (such as loneliness and social support).[@R49] On the other hand, highly demanding jobs often come with mental strain which has been shown to be associated with negative health outcomes, including cardiovascular disorders.[@R50]

![Putative causal model of the physical activity paradox showing the different health consequences of occupational and leisure-time physical activity on disease outcome. It is hypothesised that the nature of these two domains of physical activity differs considerably, resulting in different acute and chronic physiological responses and hence, health outcomes. Also, different mental and social health implications of work and leisure-time physical activities may play a role in this. For example, leisure-time physical activity is often associated with positive outcomes of mental health and social functioning, while highly demanding jobs often come with mental strain which has been shown to be associated with negative health outcomes.](bmjopen-2018-023379f03){#F3}

According to this hypothesis, it may be of importance to encourage workers from physically demanding occupations to be also physically active during leisure time. As this message may be considered counterintuitive, a strong body of evidence is required. The current study will further strengthen the evidence base regarding the health implications of occupational and leisure-time physical activity. However, mechanisms underlying this association, such as the ones shown in [figure 3](#F3){ref-type="fig"}, should also be investigated in studies with other research methodologies, for example, in field measurements using ambulatory measurements of physical activity, biomechanical load, heart rate and blood pressure.

Besides, any public health policy or intervention to promote a physically active lifestyle will, however, be confronted with the dilemma that such initiatives usually do not reach those who would benefit the most, that is, workers with a low socioeconomic status.[@R51] Targeted interventions for these workers are therefore needed, for which the results of the proposed research will be of importance.

As far as we are aware there is currently no data available on objectively measured physical activity for which: (1) work chorus can be distinguished from leisure-time chorus and (2) physical activity can be linked to mortality outcome data. A limitation of the current study will therefore be that all data will be based on self-reports, which may be biased.[@R52]
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